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SUMMARY 
Male calves of all the breeds studied weighed more at birth 
than female calves. The birth weights of female calves 
were as follows: Holsteins, 89 pounds; Guernseys, 65 pounds; 
Ayrshires, 63 pounds; and Jerseys, 50 pounds. 
There was considerable variation among individuals in 
their live weights. Coefficients of variation ranged from 
above 15 percent in calves to less than 10 percent in 2-year-
old heifers. 
The data show that the time of first freshening marks the 
greatest change in the rate of growth in live weight. 
Very little difference can be observed in the relative rates 
at which animals of the different breeds approach mature 
size. 
Mature growth values are approached most rapidly in 
height at withers. This measurement is not even doubled 
from birth to maturity. 
Holsteins, Ayrshires and Jerseys are wider in relation to 
depth than Guernseys. 
The average weight for mature Holsteins in the Iowa Ex-
periment Station herd may be considered as 1,405 pounds; 
Ayrshires, 1,111 pounds; Guernseys, 1,072 pounds; and 
Jerseys, 950 pounds. 
Gestation and lactation are shown to have considerable 
influence upon live weight. 
Late freshening heifers weigh more than heifers calving 
at the usual time but after freshening the weights of both 
groups are quite comparable. 
Norn1al Growth in Dairy Cattle 
By D. L. Espe, C. Y. Cannon and E. N. Hansen 
Standards of normal growth in dairy cattle have consid-
erable value to those conducting dairy husbandry research 
and to those raising and caring for dairy cattle. In experi-
ments with growing cattle it is of particular value to have a 
standard of size for age for each breed. The rates of growth 
of animals on experimental rations could then be compared 
with the standard. Breeders of dairy cattle would also find 
such a standard valuable in determining whether growing or 
mature animals in their herds were above or below the 
normal size of the breed. 
Data on the rates of growth in dairy cattle are already 
available from a number of experiment stations. Additional 
data are desirable because the numbers in each station herd 
represent but a small proportion of the cattle of each breed 
in the country. Growth rates may vary at the several sta-
tions because of differences in the systems of feeding and 
management as well as in the lines of breeding. 
The object of this investigation is to contribute informa-
tion on normal growth in dairy cattle, by presenting what 
may be termed the normal growth of dairy cattle in the 
Iowa Experiment Station herd. 
METHODS OF PROCEDURE 
During the years 1912 to June 30, 1931, inclusive, growth 
records of 262 purebred dairy females consisting of 34 Ayr-
shires, 63 Guernseys, 83 Holsteins and 82 Jerseys were ob· 
tained. The records, however, do not cover a normal span of 
life for all individuals. Some cows had freshened before the 
experiment started or before their entry into the herd. 
Other animals, which had been born in the herd, left it at an 
early age or had not reached maturity by June, 19'31. Con-
sequently, records of all 262 animals studied were not avail-
able at anyone age. 
An analysis of the breeding of these animals was made 
to show what families "V ere largely represented. It is not 
always possible to name a definite family within a breed to 
which an individual belongs, but a prominent sire or dam 
occurring in the second or third generation frequently helps 
in tracing the breeding. 
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TABLE I.- SIRES OF ANIMALS BRED AT THE COLLEGE DAIRY FARM. 
Sire Sire and dam 
AYRSHIRES I I 
Willowmoor Robin Hood. 
19th 15339 {
Willowmoor Robin Hood 
Eva of Willowmoor .. _ ... .. _ 
. ........ 11900 / I 
.... ..... .. . 22260 1913-1919 10 
Beuchan's Substantial Lad (Substantial of Highland 
19362 Beuchan Winsome .......... . 
.. .. 16305 1 '/ 
. ....... .. 32980 1917- 1920 13 
Lassie's Perfection 
25381 
( Henderson Preferred _ 
Henderson Lassie 4th ..... . 
.... 22443 I 1 
.. . .49498 11921- 1926 8 
Other sires used (4 animals) .. ...... . 
·······································1·· 5 
GUERNSEYS / ! Gov~rnor II of the Poidevens I , 
36 
Imp. Rouge II's Son 
18587 
1 (R.G.A.S. 2050 P .S.) / I 
Imp. Rouge II of Brickfield..... . ......... 28 335 1911-·1916 16 
Rouge II's Holden 
27992 (
Imp. Holden IV.......... ..12179 / 1 
Imp. Rouge II of the Brickfield 28335 11915- 1917 8 
, I 
Lady Gree's May King of {May King of Linda Vis ta. 
Jean Du Luth 38186 Imp. Lady Gree VI.. 
..17946 / I 
.. 40065 1917- 19201 14 
Blossom's Bopeep of the (Ladysmith 's Bopeep .............................. .... .40121 \ \ 
Prairie 54602 Imp. Itchen Pine Blossom 2nd ....... .43158 \1920- 1923/12 
Cherub's Mayboy of the {Cherub·s Challenger : .... : .......... . 
Prairie 85647 Mayflower of the Pralne ........ . 
. .... 70191 / / 
. .......... 108487 1924- 1930 17 
I I 
Highland Place Nonpareil (Majesty of the Prairie .......... ...... .. .......... 65062 I / 
136468 Nonpareil's Betty of Highland Place 187734 11929- 1931 6 
I I 
Other sires u sed (4 animals) HOLSTEINS l ·· · · ··-·····I~ 
Spring Farm King Pontiac (Spring Farm King Pontiac ........... .......... 66664 / I 
8th 114319 Spring Farm Canary Korndyke .. 163047 1913- 19181 12 
Iowana Mercedes Home- (Oak De Kol Ollie Homestead ... .......... 85529 \ I 
stead 140345 Mercedes Herb€rt Johanna ..................... 187169 11920- 1923 18 
Iowana Homestead Watson (Oak De Kol Ollie Homestead .... ......... 85529 I I 
141522 Star Watson Mooie 3d ........ .............. ....... 144580 11915- 19251 17 
/ i Aag~~lmO~~neI5~;~;am- {~::,~~ieO~dl;~~C~~~~~~~~~~.~.~~~ . ~~:~m~ 11925- 19261 4 
Sir Inka Tidy Segis 
449240 
{ Sir Inka Superior Segis .. 
Violet Gem De Kol Tidy .. 
King Piebe Mutual J ewel (King Piebe 6th .......................... . 
418390 Oak Dale Mutual Pieb€ ...... . 
, I 
. .... .. ... 313447 I I 
. ....... 272341 11926- 1927 1 4 
............ 382260 \ I 
. .. 587332 11927- 19281 
, I 
Triune Pansy 
523141 
{Triune Ormsby Piebe ...... . . .... ..... 294182 I I Neola Pansy Piebe ............. . .. .. 858438 11929 I 
Ames Piebe Count Zeta ( King Piebe ,Mutual JeweL. ...................... .418390 / I 
586812 Ames Aaggie Lass Del ta ...... . .... 1184334 11930- 1931 1 8 
1 I 
Other s ires used (9 animals } ... I .... \ 12 
I -
I I 80 
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TABLE I.- SIRES OF ANIMALS BRED AT THE COLLEGE DAIRY FARM-Cont. 
Sire Sire and dam 
I 
JERSEYS I I 
Pogis 80th of Hood Farm {Hood Farm Pogis 9th.. ....... 5552 1 
93605 Tonona 10th of Hood Farm 171653 1911- 1914 8 
Sans Alois Raleigh {Sans Aloi ... .. .. ... . . .. ... . 81012 1 • 
126647 Raleigh's Bonnie.. .. . . . .. 222120 1914-1915 7 
Maiden's Financial Sans {Financial King's Stockwell .. 106574 I I 
Aloi 133352 Sans Aloi's Merry Maiden ..... 276272 11916- 1917 4 
Financial Captain {Financial Countes& Lad ......... _ . ........•...... 86252 \ II 
154759 Gold Marjoram ..................................... ......... 215499 /1918-19191 7 
Financial Beauty's {Financial Beauty's King ...... .. .. ......... 132904 I I 
Fontaine 175274 Fontaine Financial Raleigh ........ ...... 315521 1920- 1924 12 
Worthy Oxford . Noble {Imp. Fern's Oxford Noble ....... ....... ...... 160983 I I 
230037 Royal Worth ....................................... .......... 526477 11925-1928 15 
I I 
Elsie's Dora's Majesty {Financial Oxford Majesty ............•. _. _.146985 I I 
King 218260 Imp. Elsie's Dora ...... ...................................... 382316 1927- 1931 16 
Other sires u sed (3 animals) ......... ............. ............................................................................. / ........... ......... 1 5 
II )74" 
I -
TOTAL NUMBER OF HEIFER CALVES SIRED ............ ......... y.. . ../261 
Table I shows the number of female offspring in the herd 
sired bv each bull and his period of service at the College 
Dairy Farm. The bull's sire and dam are also given better 
to identify the blood lines. The females sired by these bulls 
do not exactly coincide with the group measured as some 
calves died or were born prematurely, and consequently no 
measurements or weights were recorded, while other animals 
were purchased. Daughters of the sires first used were 
mostly mature when the investigation was started. Many 
daughters of the sires used last, however, had not reached 
maturity by June, 1931. 
Among the early Ayrshire bulls used was Willowmoor 
Robin Hood 19th. He was from a daughter of Barcheskie 
King's Crest by a son of McQuittiston Secretary. The next 
Ayrshire bull used, Beuchan's Substantial Lad, was out of a 
daughter of Beuchan Peter Pan by a son of Finlayston. 
Lassie's Perfection is related to Highland Polly through 
Henderson Bargenoch Baron, and is out of Henderson Lassie 
4th. Other Ayrshire sires have been used for short inter-
vals, but only the names of those sires leaving three or more 
female animals in the herd have been included in this table. 
This also applies to sires of other breeds. 
302 
Several families are represented by the Guernsey sires 
used. Imp. Rouge II's Son was out of a daughter of Governor 
of the Chene and by a son of Governor of the Poidevens. 
Lady Gree's May King of Jean Du Luth was out of a daugh-
ter of Imp. the Conqueror II and by a son of Langwater May 
King. Blossom's Bopeep of the Prairie was out of a daugh-
ter of Itchen Teacher and by Ladysmith Bopeep. Cherub's 
Mayboy of the Prairie was from a daughter of Imp. May 
Royal and by a son of Cherub's Prince. Highland Place 
Nonpareil is also strong in the blood of Cherub's Prince, 
being by a son and out of a great granddaughter of Cherub's 
Prince. 
There was a distinct preponderance of Homestead breed-
ing in the Holstein females because two of the bulls used, 
Iowana Homestead Watson and Iowana Mercedes Homestead, 
were bred to each other's daughters and were sons of Oak 
DeKol Ollie Homestead and out of daughters of Sir Johanna 
Fayne. Spring Farm King Pontiac 8th was out of a daughter 
of Sir Korndyke Cornucopia and by a son of King of the 
Pontiacs. Aaggie Ondine Grahamholm Lad is by a son of 
Aaggie Cornucopia Johanna Lad Jr. while Sir Inka Tidy 
Segis was sired by Sir Inka Superior Segis and out of a 
daughter of Dutchland Aaggie Tidy Prince. Neither of these 
bulls (Aaggie Ondine Grahamholm Lad nor Sir Inka Tidy 
Segis) remained long in the herd. The last three bulls used, 
King Piebe Mutual Jewel, Triune Pansy, and Ames Piebe 
Count Zeta, were great-grandson, grandson, and great-great-
grandson, respectively, of King Pietertje Ormsby Piebe. 
The Jersey females used in this study trace largely to 
Financial Interest, Hood Farm Pogis, and Noble of Oaklands 
families. Pogis 80th of Hood Farm was out of a daughter of 
Torono by a son of Hood Farm Pogis. Besides Financial 
Captain, two other sons of Financial Countess Lad were used 
in the herd for a short time. Sans Alois Raleigh was a 
grandson of Sans Aloi, a full brother to Financial Countess' 
Lad. Financial Beauty's Fontaine was a son of Financial 
Beauty King. Worthy Oxford Noble was out of a daughter 
of You'll Do's Fontaine by Imp. Fern's Oxford Noble, a son 
of Imp. Golden Fern's Noble. Elsie's Dora's Majesty King 
is by a son of Imp. Oxford Majesty and out of Imp. Elsie's 
Dora. 
The system of feeding and management has considerable 
influence on the size of individuals as shown by Eckles and 
Swett (5), who were among the first to compare the weights 
of large groups of animals kept under different feeding 
regimes. Feed records kept on ' a large percentage of the 
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heifers at the Iowa Experiment Station have been summar-
ized in-table II. The figures are only indicative of the total 
feed consumption of these heifers from birth to 2 years of 
age. They do show, however, that the heifers were given 
liberal quantities of both milk and grain. 
The rations fed to the cows consisted for the most part 
of alfalfa hay, corn silage and bluegrass pasture in season. 
In addition, most cows received a concentrate mixture con-
sisting chiefly of corn and oats, with sufficient bran, linseed 
meal, et cetera, added to raise the digestible crude protein 
of the grain mixture to 10-12 percent. 
TABLE H.- AVERAGE AMOUNTS OF FEED GIVEN TO HEIFERS FROM BIRTH 
TO 2 YEARS OF AGE. 
I Ayrshire I Guernsey I Holstein Jersey 
Numb'er of heifers 14 18 36 20 
Pounds of w hole milk 1143 1095 917 1105 
Pounds of skimmilk 1402 2091 1875 1729 
Pounds of grain 2121 2242 2397 1817 
Pounds of legume hay 1808 2237 2463 1983 
Pound, of other dry rou ghage 204 188 134 152 
Pounds of s ilage 2826 1831 3191 2862 
Days on pasture 271 284 254 240 
The number of records on live weight at each age interval 
is shown in table IV and plotted in fig. 1. The number of 
records on body measurement at each interval are shown in 
table V and plotted in fig. 3. The tables give the monthly 
weights and measurements respectively up to 24 months of 
age and for each third month thereafter. 
The methods of obtaining the data were altered and im-
proved at various times during the investigation. All cows 
were weighed weekly, from January, 1912, to January, 1921, 
but were not measured. After 1921, the cows were weighed 
and measured monthly instead of weekly. Up to January, 
1915, heifer calves were weighed and measured at birth but 
not again until after they had freshened. The practice of 
weighing the heifer calves monthly began January, 1915. 
After January, 1921, live weights were obtained for both 
cows and heifers on three consecutive days in the middle of 
each calendar month. Lush et al. (13) have shown that the 
average of three consecutive weighings in the middle of each 
month, instead of one, greatly reduced the errors which 
mig-ht have occurred through daily variations in the live 
weights of cattle. 
304 
In addition to the regular monthly weighings, calves of 
both sexes were weighed within a few hours after birth. 
Prior to January, 1915, this weight was the only one recorded 
for the females until they freshened. This caused more 
records to be available on weights at birth than on live 
weights and measurements during the period from birth to 
the time of first freshening. 
Three measurements were taken with the cattle calipers 
described by McCandlish (11). The height at withers was 
taken with the animal standing squarely on its feet on a 
level floor. Width at the hooks was the shortest distance 
which would allow the calipers to slip over the hook bones. 
The depth of chest was measured immediately back of the 
elbows. A measurement of length of body was not used. 
It was the policy in assembling data for this investigation 
to delete records. prl)duced under abnormal conditions. 
Therefore, records of the birth weights of calves born before 
a gestation period of at least 272 days were not included. 
Also, it is a matter of common observation that twin calves 
are usually lighter in weight at birth than other calves. For 
this reason records on the birth weights of twin calves were 
not included. 
The average birth weights of male and female calves as 
found at the Iowa Experiment Station and elsewhere, are 
presented in table III. 
TABLE III- BIRTH WEIGHTS OF CALVES AT IOWA AND OTHER STATIONS. 
Breed Ayrshires I Guernseys Holsteins Jerseys Male Female Male Female Male Female Male Female 
Iowa data 
Number of animals 49 27 74 70 86 70 73 73 
Birth weights 71 63 69 64 99 89 54 50 
Idaho data (10) 
Number of animaIs * No data No data 206 87 
Birth weights 102.4 93.6 59.3 55 .9 
Kansas data (8) 
Number of animals 54 61 50 54 34 41 53 39 
Birth weights 75 69 67 60 101 90 59 54 
!l'liS50Uri data (6) 
Number of animals 27 26 No data 69 85 102 94 
Birth )Veights 73 65 93 88 58 53 
----
Montana (U.S.D.A. 
substation) data 
(12) 
Number of animals No data No data 42 47 No data 
Birth weights 97 .8 90.2 
*Both sexes, 
The average birth weights of Ayrshires at both the 
Kansas and Missouri stations were higher than those at this 
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Station. The Holsteins at the Idaho Station were the heav-
iest reported. Idaho also made the interesting observation 
that the Holstein calves not only were considerably heavier 
than the Jerseys at birth but that they were also larger in 
proportion to weight of dams. The Holstein calves weighed 
6.9 percent of the average weight of their dams and the 
Jerseys 5.9 percent. Only two stations, Kansas and Iowa, 
reported birth weights of Guernsey calves. The weights 
are quite comparable. Among the stations reporting Jerseys 
the Iowa data show the lowest birth weights. The differ-
ences in the data reported from separate experiment sta-
tions, however, are no greater than could be expected from a 
consideration of differences occurring in the lines of breed-
ing or among individuals in the same herd. The data also 
show that there was considerable variation in the birth 
weights of calves of similar breeding born in the same herd. 
The difference in weights between the sexes ranged from 
4 pounds for Jerseys to 8 pounds (and in one case 11 
pounds), for Holsteins. 
GROWTH IN LIVE WEIGHT 
The figures on normal weights and measurements in this 
bulletin supersede those given in Iowa Research Bulletin 
136 (3). The figures obtained at that time were for a 
smaller number of animals and included both grades and 
purebreds. 
As previously mentioned, in tabulating data on growth in 
live weight or skeletal measurements, records produced 
under abnormal conditions were not included. Records on 
some cows were deleted because illness had left them de-
cidedly under weight. Heifers were bred to freshen soon 
after 2 years of age. If they had not freshened by 36 months 
of age, they were considered abnormal. As heifers usually 
become coarse and fat at this age, records on their live 
weight and skeletal measurements were deleted after they 
were 24 months old. Some of these heifers freshened a 
little later and after producing milk for a few months were 
apparently normal in weight again. Therefore, after 54 
months of age, records on their live weights and skeletal 
measurements were again included in the tabulations. Data 
presented in fig. 4, and discussed on page 319 show this pro-
cedure to have been justified. 
After 24 months, changes due to gestation and lactation 
tend to conceal the changes due to age. As all animals were 
weighed and measured on the same days of each month, a 
range of nearly 30 days occurred in the ages of animals 
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whose records were tabulated in the same monthly group. 
For example, calves weighed and measured for the first time 
following birth may have been a few days to nearly a month 
old. This range is indicated in the tables. In plotting the 
data on graphs, the mid-point of this range was used. 
Considerable variation was observed in the live weights 
of animals of the same age. The monthly gains in live weight 
of a single individual were sometimes much greater and 
sometimes much less than the average gains in live weight 
indicated by data in table IV. As the greatest use would 
undoubtedly be made of standards for normal growth in live 
weight, it was considered advisable to make a study of the 
variations in live weight occurring at different ages. Stand-
ard deviations for the variations in live weight were calcu-
lated by the formula O"x= ~:?X2- (2.X)MX, suggested by Wallace 
v --;;-
and Snedecor (14). The limited number of animals makes 
the factor of probable error especially important. It is 
evident from this study that individuals whose weights do 
not closely coincide with the "normal" should not be con-
sidered abnormal. Certainly none of the animals whose live 
vveights occurred within the limits defined by the probable 
error of the set, could be considered abnormal. 
Coefficients of variation are presented in table IV in order 
to show the relative variations occurring in the live weights 
of animals of different ages. A comparison of these values 
show t.hat female dairy cattle grow more uniformly as they 
approach maturity. While the coefficients of variation in 
the live weights of young calves were frequently above 15 
percent, those of 2-year-old heifers were frequently below 10 
percent. The lack of a sufficient number of observations is 
undoubtedly responsible for some of the differences in the 
coefficients of variation. Some differences, however, in these 
values might have been expected because of the practice of 
breeding for spring or fall freshening. Because of this prac-
tice some of the records for the same age may be from cows 
that have just freshened while others are from cows about to 
calve. Consequently the figures -secured 6 months later, 
when a greater proportion of t.he cows were in the middle of 
a lactation period and therefore more nearly equal in live 
weight, were smaller. 
Studies of the variations in the skeletal measurements of 
the animals indicate that coefficients of variation in live 
weight are two to three times as great as coefficients of 
variation in skeletal measurements. This is not unexpected 
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when it is considered that certain factors other than age 
have a relatively greater influence on live weight than on 
skeletal measurements. Eckles and Swett (5) have shown 
that diffefences in the rations fed caused considerable varia-
tion in the live weights of heifers but resulted in relatively 
little variation in skeletal measurements. In addition, 
weighing on three consecutive days in the middle of each 
month did not entirely reduce errors in the live weight be-
cause of differences in the contents of their digestive tracts. 
TABLE IV.- WEIGHTS OF COWS IN THE IOWA EXPERIMENT STATION DAIRY 
HERD FROM BIRTH TO 8 YEARS OF AGE. 
IN mb I A I Prob- \ Coeffi- I IN b I I prob-I Coeffi-A u er verage bl . t f Age urn er Average bl . t f ge of weight a e cl~n.o of weight a e cl~n .0 (mos.) records (lbs.) error varlat,lOn (mos.) records (Ibs.) error vanahon (lbs.) (percent) (Ibs.) (percent) 
AYRSHIRE FEMALES I GUERNSEY FEMALES 
Birth I 27 I 63 
I 
6 I 14.2 Birth I 70 I 65 I 7 I 10.8 1 I 27 I 74 9 I 17.6 1 I 44 76 7 I 9.5 2 I 28 I 104 15 I 21.2 2 I 47 I 99 
I 
13 13.3 
3 I 28 I 143 26 26.9 3 48 132 16 I 11.8 4 I 28 188 I 27 
\ 
21.6 4 I 48 I 173 21 I 12.3 5 I 28 I 236 I 22 14.1 5 49 217 24 11.0 6 27 I 288 I 36 
I 
18.4 6 I 49 I 262 I 27 I 10.2 7 I 27 I 339 I 37 16.3 7 I 49 I 306 I: 
29 8.4 
8 26 I 390 \ 42 16.0 8 I 48 I 350 27 I 
7.8 
9 I 26 435 45 15.2 9 I 49 ( 
389 29 7.6 
10 I 26 I 465 
I 
47 I 15.1 10 I 49 425 I 31 7 .3 11 I 27 I 495 51 15.3 11 I 48 458 I 32 7.0 
12 I 27 I 536 56 
I 
15.4 12 I 48 
\ 
490 I 37 I 7.5 13 I 27 I 570 60 15.7 13 I 49 524 I 37 7.1 
14 I 27 I 597 I 67 16.6 14 I 49 
\ 
558 I 40 I 7.1 
15 I 25 I 623 72 I 17.0 15 I 48 583 I 42 I 7.1 
16 I 26 I 653 I 68 I 15.3 
16 I 51 609 I 42 I 7.0 17 I 26 686 I 68 I 14.6 17 I 51 I 63g 46 7.3 
18 I 26 700 I 64 I 13.6 18 I 49 I 661 I 48 I 7.2 19 I 27 I 730 I 61 I 12.3 19 I 49 I 687 50 7.2 20 I 28 I 754 62 I 12.2 20 I 49 712 48 I 6.7 21 I 28 I 784 I 62 11.7 21 I 49 I 734 I 47 I 6.4 
22 I 27 I 802 I 61 I 11.3 22 I 47 I 763 I 46 I 6.0 23 I 27 831 I 61 10,9 23 I 44 I 788 I 52 6.6 24 I 26 858 I 65 I 11. 3 24 I 42 I 818 I 54 I 6.6 
27 I 27 I 919 I 62 I 10.0 27 I 29 I 876 I 57 I 6.5 30 26 960 61 I 9.4 30 I 29 I 880 I 56 I 6.4 33 I 25 I 972 I 67 10.2 33 I 29 I 905 I 64 I 7.1 
36 I 23 I 970 I 47 I 7.3 36 I 29 I 901 I 64 I 7.1 39 I 20 I 1007 I 62 9,2 39 I 29 I n4 I 57 6.1 
42 I 19 I 1024 I 60 
\ 
8.7 42 I 28 I 952 I 70 I . 7.3 
45 I 17 I 1041 I 83 11.8 45 I 29 I 971 I 68 I 7.0 48 I 16 1036 I 87 I 12.5 48 I 25 990 I 81 8.2 
51 I 17 I 1048 I 88 I 1'2 .5 51 I 23 I 980 I 78 I 7.9 54 I 15 I 1057 I 45 I 6.3 54 I 21 I 1024 I 76 7.4 57 I 18 I 1062 I 81 I 11.3 57 I 25 1031 I 63 I 6.1 
60 I 17 I 1071 I 93 I 12.8 60 I 25 I 1055 I ' 65 I 6.2 
63 I 15 
\ 
1047 I 74 I 10.4 63 I 24 I 1043 I 63 I 6.1 66 I 13 1063 I 95 13.2 66 I 20 I 1051 I 77 I 7.3 69 I 12 I 1077 78 I 10.7 69 I 19 I 1073 I 40 
\ 
3.8 
72 I 11 I 1163 I 103 I 13.1 72 I 15 I 1093 I 52 4.8 75 I 11 I 1106 I 88 11.8 75 I 16 1042 I 59 I 5.7 
78 I 11 I 1108 I 128 
I 
17.2 78 I 14 . I 1084 I 75 I 6.9 
81 I 11 I 1106 I 76 10.2 81 I 15 I 1071 I 50 I 4.7 84 I 9 I 1122 I 66 8.8 84 I 16 1066 I 65 I 6.1 
87 
\ 
9 I 1109 I 57 7 .7 87 I 16 I 1065 I 73 I 6.8 
90 8 I 1103 I 53 I 7.1 90 I 14 I 1053 I 79 I 7.5 93 I 8 I 1083 I 75 10.2 93 I 13 I 1067 I 55 I 5.1 96 I 7 I 1143 I 75 9.7 96 I 13 I 1070 51 I 4 .7 
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TABLE IV.- WEIGHTS OF COWS IN THE IOWA EXPERIMENT STATION DAIRY 
HERD FROM BIRTH TO 8 YEARS OF AGE.-Continued. 
Age / (mos.) 
Birth 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
27 
30 
33 
36 
39 
42 
45 
48 
51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 
87 
~n 
93 
96 
Number/Average I Pb~b- I qoe~i-f 
of weight e~ro~ v~l~~ti~n 
r€cords (lbs.) (lbs.) (percent) 
HOLSTEIN FEMALES 
70 I 89 I 
9 14.3 
56 I 98 9 13.4 
64 I 132 14 16.2 
64 I 182 I 20 16.1 
64 
I 
237 
I 
24 15.0 
66 294 29 10.0 
65 358 32 I 13.2 66 418 35 12.3 
66 I 474 I 39 I 
12.3 
64 I 528 I 40 11.2 
64 I 575 I 47 12.1 
64 I 619 I 50 I 12.1 
64 I 662 51 I 11.3 
63 I 702 50 I 10.6 
60 I 740 49 I 9.7 59 I 786 56 10.5 
59 I 822 59 I 10.7 58 I 845 I 59 10.4 58 885 66 I 11.0 58 I 913 69 I 11.3 
57 I 950 I 72 I 11.2 57 I 988 I 56 8.4 
57 I 1027 I 66 I 9.6 
54 I 1056 I 71 I 10.0 
54 I 1091 I 66 I 8 .9 46 I 1136 78 I 10.2 
46 I 1129 I 91 I 11.9 47 I 1142 I 84 10.9 
47 I 1159 I 68 I 8.7 
43 I 1182 I 80 I 10.1 
42 I 1199 I 84 I 10.4 
38 I 1199 I 76 I 9.3 36 I 1243 
\ 
84. . 10 .0 
34 I 1267 87 I 10.0 
33 I 1276 I 82 I 9.5 
32 I 1315 I 77 I 8.7 33 I 1345 103 I 11.4 
34 I 1339 I 89 I 9.8 
28 I 1341 I 68 I 7.5 
27 I 1360 I 78 
\ 
8.5 
27 I 1372 I 75 9.2 
25 I 1352 I 92 I 10.1 
25 I 1374 I 118 I 12.7 
24 I 1403 I 94 I 9.9 21 I 1421 76 I 7.9 19 1424 I 81 I 8.4 
23 I 1362 I 103 I 11.2 
19 I 1323 I 87 \ 
9.7 
18 I 1364 I 93 10.1 
I / Number/ Average / prob- I Coeffi-Age of weight able cient of 
(mos.) records (lbs.) error variation I (lbs.) (percent) 
JERSEY FEMALES 
Birth I 73 I 50 I 5 I 15 .1 1 I 50 58 I 7 I 16.9 2 I 56 I  80 I 11 I 20.4 3 
\ 
56 114 
\ 
16 I 20.4 4 57 I 150 20 I 19.9 5 I 60 I 191 
\ 
23 I 17.7 6 I 61 I 235 24 15.2 7 I 62 I 280 I 28 I 14.9 8 I 62 321 I 29 I 13.3 9 I 62 I 360 30 I 12.5 10 I 63 I 394 29 I 10.9 11 I 62 421 I 30 I 10.4 12 I 63 I 451 I 32 10.4 13 I 63 I 488 I 32 9.7 14 I 62 I 519 33 9.5 
15 I 63 I 540 I 33 9.1 
16 I 63 I 570 I 35 9.1 
17 I 61 I 591 I 31) 9.0 
18 I 60 I 607 I 38 I 9.2 19 I 58 I 626 40 I 9.5 20 I 57 I 643 I 38 8.8 
21 I 57 I 665 I 42 I 9.3 22 I 56 I 683 37 8.1 23 56 I 696 I 36 I 7.6 
24 I 56 I 724 I 38 I 7.9 
27 I 41 I 795 I 53 I 9.9 30 I 43 I 802 61 11.4 
33 I 41 I 806 I 64 I 11.9 36 I 40 I 830 66 I 11.8 
39 I 36 I 868 I 76 I 13.0 
42 I 33 I 870 I 63 I 10.8 45 I 34 I 881 61 10.3 
48 I 31 I 883 I 65 I 
11.0 
51 27 I 901 I 
67 11.0 
54 I 26 924 69 ILl 
57 I 28 I 924 60 I 9.7 
60 I 27 I 922 
I 
51 I 8.2 
63 I 28 I 924 50 I 8.0 
66 I 26 I 923 63 I 10.2 69 I 27 I 922 66 10.5 
72 I 24 I 948 I 68 I 10.7 
75 I 20 I 957 
\ 
79 I 12.3 
78 I 21 I 981 77 I 11.6 
81 I 19 I 968 I 67 I 10.3 
84 I 16 I 910 I 53 I 8.6 
II 
87 I 14 I 940 71 I 11.1 
90 I 15 I 962 
\ 
78 I 12.1 
93 I 13 I 937 78 I 12.3 
96 I 13 I 909 I 68 I 11 .1 
e average gain in weight of ani:rpals of the four breeds Th 
is sh 
table 
ting t 
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AGE IN MONTHS 
Fig . 1. A com,pa r ison of growth curves (weig hts) of four breed s of cattle raised 
under Iowa Station condit ions. 1912-1931. 
between tliat for Holsteins and Jerseys. The Guernsey 
growth curve nearly coincides with the Ayrshire curve in 
places, although it is consistently lower for the most part. 
The mature weights for each of these breeds as given by 
their respective breed associations are: Holstein, 1,200-1,350 
pounds; Ayrshire, 1,100-1,400 pounds; Guernsey, 800-1,400 
pounds; and Jersey, 900-1,100 pounds. It will be noted from 
these figures that the Ayrshire weights at this Station are 
distinctly below the average desired for the breed, while the 
Holsteins would be classed as large. Ordinarily, however, 
there is probably a greater difference in live weight between 
the Holsteins and Ayrshires than is recognized by their re-
spective breed associations. The Jersey females used in 
compiling these data made an average growth of 115 pounds 
between the thirty-sixth and the seventy-second month while 
the Guernsey, Ayrshire and Holstein females gained 192, 
193, and 213 pounds, respectively, during the same period. 
In other words, the Jerseys made 13 percent of their total 
growth (to 72 months) between the third and sixth year 
while the Guernseys, Ayrshires, and Holsteins made 18, 17 
and 16 percent, respectively, of their. growth in the same 
period. In spite of some irregularities in the growth curves, 
there is shown to be a definite increase in live weight 
throughout the first 6 years with each breed. There is little 
in the live weight curves to show that one breed matures at 
an earlier age than another. The definite upturn in the 
growth curves of the Jerseys, Guernseys and Ayrshires after 
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the sixty-ninth month is due to decreases in the number of 
animals upon which the data are based. The data in table 
IV show that the cows made no significant increase in live 
weight after 6 years of age. 
All of the growth curves level out abruptly between the 
twenty-seventh and thirty-third months because most of the 
heifers freshen at this age. The average age at first fresh-
ening for the various breeds was: 27 months for the Jerseys, 
29 months for the Guernseys, 30 months for the Ayrshires 
and 31 months for the Holsteins. - Thus it was largely a 
matter of herd management which determined the relative 
ages at which the growth curves flattened out. 
A comparison of these data with the reported live weights 
of animals at other experiment stations, fig. 2, shows that 
there was in most cases a more rapid growth in live weight 
of the Holstein heifers used in this investigation than at 
other stations. A report by Cole et al (4) shows that 17 
Holstein heifers at the United States Department of Agri-
culture Field Station at Ardmore, South Dakota, were about 
72 pounds lighter at 12 months of age and about 133 pounds 
lighter at 18 months of age than were the Holstein heifers 
used for these data. A comparison of the amount of feed 
consumed shows that the heifers at the Ardmore Station 
had more skimmilk but considerably less grain than those at 
this Station. 
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Fig. 2. Normal growth curves compared. 
The average live 
weights of 27 Holstein 
heifers at Beltsville, 
Maryland, Station (4) 
were 35 pounds lighter 
at 12 months of age 
and 45 pounds lighter 
at 18 months of age 
than the Iowa heifers. 
Eckles (7) gives the 
average weight of 23 
Holsteins in the Mis-
souri Station herd as 
558 pounds at 12 
months of age or about 
104 pounds lighter 
than those reported 
here. At 18 months 
of age the Iowa heifers 
were 199 pounds heav-
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vier than the Missouri heifers. These decidedly lighter 
weights must have been largely a difference of condition 
as Eckles states, "The Holsteins were, unquestionably, 
entirely normal for the breed and represent strains of 
breeding used in herds recognized among the best." The 
yearling heifers (Holstein) at the Huntley Station (Mon-
tana), on the other hand, weighed 59 pounds more than 
those at this Station. Six months later these Montana 
heifers were still 20 pounds heavier than the Iowa reared 
heifers. At the Kansas Station the Ayrshire and Guernsey 
females were relatively large when compared with the 
weights obtained at other stations. The average live weight 
of 21 Jerseys at Missouri was 5 pounds more at 12 months 
of age than that for the Jerseys in this study, but at 18 
months of age the Iowa heifers were 35 pounds heavier. The 
12 Missouri Station Ayrshire heifers had an average live 
weight of about 80 pounds less at 12 months of age and 96 
pounds less at 18 months of age than the Ayrshire heifers 
at this Station. Such comparisons indicate the difficulty 
of making generalizations regarding average weights for 
the breed from one particular strain. At 12 months of age 
the Ayrshire females in the Missouri herd weighed the same 
as the Jersey females. As previously mentioned, the Ameri-
can Jersey Cattle Club gives the range in weight of mature 
Jerseys as 900 to 1,100 pounds, while the Ayrshire Breeders' 
Association gives the range in weight of mature Ayrshires 
as 1,100 to 1,400 pounds. Of course the difference in weights 
at the various stations may be due to feeding or breeding, 
or a combination of the two. 
SKELETAL GROWTH 
The growth in the height at withers, depth of chest and 
width at hooks is shown in table V. Calves were measured 
for the first time at an average age of 15 days. Fewer data 
are available on these measurements than on live weights 
because regular measurements were not taken until Janu-
ary, 1915. 
The curves in fig. 3 have been constructed to show the 
growth occurring in these animals from soon after birth to 
5 years of age. A single figure was used in order that com-
parisons could be made between the relative rates of 
changes in the different measurements and in animals of 
different breeds. 
The striking similarity between the growth curves for all 
breeds is convincing proof that with other factors being con-
trolled the rate of growth is governed by certain definite 
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laws. There are, however, certain consistent differences in 
conformation which may be characteristic of the breed. For 
instance, the Guernseys were higher at the withers than the 
Ayrshires, although the Ayshires showed a greater depth 
of chest and width at hooks. The Ayrshires also were heavier 
and were generally of more compact conformation. The dif-
ferences in width and depth for each breed are quite uniform, 
although the Holsteins 
'.0 ..... 5 '0 15 20 zs >0 >5 "'0 45 '0 50 r;o were much higher at 
withers than the other 
breeds. In comparing 
fig. 3 with fig. 1, the 
curves for growth in 
weight and height at 
withers are very simi-
lar. The effect of preg-
nancy, however, as 
well as changes in the 
condition of the ani-
mals make the weight 
curves more irregular 
°tjj:J: .. ~···~···§···~··~;o.:f· -~= ... ~. ~~ ...~. :=~"e"':"eB ~~~~es. th~n;i;o~~:n~ 
:: A~ .. ~ I W'DTH exerts a greater influ-
~ ence on weight than on 
.. ~,. '0 .. ':G~' ,:0 ";;~NT~~ .... ~ ....0 skeletal development. 
Fig. 3. A comparison of growth curves (meas- A further analysis 
urements) of four breeds of cattle raised under of the changes in 
Iowa Station conditions, 1912-19 31. 
measurements and live 
weights which occur with advancing age is shown in 
table VI. The relative sizes. attained at different ages are 
expressed in terms of percentage of a mature size. Mature 
size was taken as the average of the weights for the seventy-
eighth, eighty-first, eighty-fourth, . and eighty-seventh 
months. This was to avoid any possible influence which may 
be caused by a large percentage of the records occurring at a 
certain stage of lactation. One criticism of calculating the 
mature weight in this manner might be that a large number 
of the cows upon which data were obtained before maturity 
are not represented in the data for the more advanced ages. 
The difference in animals and the effect of pregnancy account 
for some measurements being more than 100 percent of the 
"mature" figure. The data for weights at various ages were 
taken directly from table IV and those for measurements 
from table V. 
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Skeletal development does not take place uniformly in all 
directions. The height at withers of a month old calf is ap-
proximately 55 percent of that of a mature cow; the depth 
of chest 40 percent; and the width at hooks, 30 percent. 
Mature values are approached more rapidly in height at 
withers than in depth of chest or width of hooks. Brody 
and Ragsdale (2) also observed this difference in the Mis-
souri Station herd. Though calves do have a greater per-
centage of their growth in height at withers at birth than 
depth of chest or width of hooks, the percentage change of 
TABLE V.- MEASUREMENT OF COWS IN THE IOWA EXPERIMENT STATION 
DAIRY HERD FROM BIRTH TO 8 YEARS OF AGE. 
Age I No. I He.ight I D~pth I W!dth 
I 
Age I No. I H~ight I D~pth I W!dth in of In In In in of In In In 
mos. records em. em. em. mos. records em. em. em. 
AYRSHIRE FEMALES GUERNSEY FEMALES 
1 , 27 I 69 .2 I 28.5 I, 16.3 1 I 37 
, 70 .8 I 28.0 I 15.6 2 , 28 73.8 31.8 18.2 2 I 40 , 74.9 I 31.1 17.5 3 I 28 ! 
78.7 I 35.2 20.8 3 40 I 79.4 I 34.2 19.4 4 I 28 84.5 I 38.5 I 23.2 4 40 84.4 I 37.7 
\ 
21.9 
5 I 28 88.6 I 41.7 I 25.4 5 I 41 I 89.6 I 40.2 23.8 6 I 27 92 .3 44.4 27.6 6 I 41 I 93.7 43.3 25.8 7 I 27 I 96.0 I 46.5 29.9 7 I 38 98.0 45.7 28.0 8 I 26 99.2 ! 49.3 31.6 8 I 39 I 101.3 47 .9 I 29.8 9 I 26 102.4 51.2 33.3 9 I 40 ! 104.1 49 .6 31.3 10 I 26 II 104.4 52.8 34.2 10 I 40 106.0 51.4 32 .8 11 I 27 105.8 I 53.9 I 35.3 11 I 40 108.0 52.9 I 33.8 12 I 27 
\ 
107.7 I 55.4 36 .9 12 I 40 I 110.2 I 54.1 84.8 
13 I 27 109.4 I 56.5 I 37.8 13 I 41 I 112.1 I 55.1 \ 36.0 14 I 27 I 111.0 I 57.8 39 .0 14 , 41 I 113.3 I 56.3 36.9 
15 I 25 I 11 2.0 I 58.4 I 39.8 15 \ 40 II 114.6 I 57.1 I 
37.7 
16 I 26 114.0 I 59.4 40.6 16 43 115 .0 I 58.0 38.5 
17 I 26 II 114.4 I 60 .3 I 41.6 17 I 
43 I 116.5 I 58.9 39.1 18 I 26 115.2 I 61.3 42.1 18 I 41 117.8 59.7 39.8 
19 I 27 I 116.6 I 62.3 42.7 19 I 42 I 119.0 I 60.4 I 40 .6 20 I 27 II 117.7 I 62.9 I 43.6 20 I 42 I 119.6 I 61.2 41.1 21 I 27 118.5 I 63.5 I 44 .0 21 I 42 , 120.5 61.9 \ 41.9 22 I 26 , 119.1 I 63.8 44.6 22 I 41 I 121.3 I 62 .7 42.7 
23 I 27 I 119.6 I 64.7 
I 
45 .3 23 I 40 I 122.0 I 63.3 I 43.4 
24 , 25 
\ 
120.2 I 65.2 46.3 24 I 38 I 122.5 I 63.8 I 44.1 27 I 23 121.9 I 66.8 47.9 27 I 23 I 124.3 I 65.3 46.2 
30 22 
\ 
122.5 I 67.8 I 49.1 30 I 20 I 125.3 I 66.3 I 47.1 33 19 123.8 68.8 I 50.1 33 I 18 \ 126.3 I 67 .4 47.7 36 18 124.2 I 69.3 50.4 36 I 16 126.8 I 67.4 I 48.5 
39 14 
\ 
124.8 I 69.1 
\ 
50.9 39 I 16 ! 127 .0 
, 67 .7 I 49.1 42 14 124.5 I 69.6 52.0 42 I 16 126.7 I 68.0 49 .7 45 13 I 125.2 I 69.7 I 52.5 45 I 15 127.3 68.4 I 50.3 48 12 I 125.5 I 69.4 52.5 48 I 12 I 128.1 I 69.1 49.9 51 12 I 125.3 I 69.6 I 52.9 51 I 11 128 .5 I 69.6 I &0 .4 54 10 125.4 I 70.2 52 .3 54 I 11 I 128.3 I 69.9 I 51.1 57 12 I 125.5 I 70.3 I 52.9 57 I 13 128.2 I 69.5 
I 
51.2 
60 12 I 125.0 I 70.6 I 53.5 60 I 11 I 128.4 I 70.5 50 .7 
63 10 I 125.3 I 70.1 I 52.4 63 I 10 I 128.0 I 70.3 50.6 
66 I 8 I 125.0 I 70.1 I 51.9 66 I 8 , 127.1 I 69 .7 50.7 69 I 7 I 125.6 I 71.0 I 53.0 69 7 I 126.4 , 69.3 I 50.9 ~2 I 7 II 125.3 I 71.0 I 53.6 72 I 6 I 126.2 I 70.5 51.6 75 I 6 124.5 I 71.0 I 52.9 75 I 5 I 125.2 68.4 49.6 78 I 7 
\ 
125.2 I 71.0 53.0 78 I 5 I 125.6 I 69 .2 I 50.2 
81 I 7 126.0 I 71.4 I 536 81 I 5 I 125.0 I 69 .0 I 49.8 84 I 5 I 123.8 I 70.6 52 .4 84 I 5 I 125.2 I 69 .0 I 49.4 
87 I 5 , 124.0 I 70 .0 I 53.2 87 I 5 I 125.6 \ 69 .6 I 50.0 90 I 4 I 123.8 I 69.5 51.8 90 I ' 4 125.5 69.8 I 49.5 
93 I 4 I 123.3 I 69 .8 I 51.8 93 I 4 I 124.2 I 69.3 I 49.8 
96 I 3 I 125.0 I 71.0 I 53.3 96 I 4 I 126.0 I 69.8 I 50.0 
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TABLE Y.- MEASUREMENT OF COWS IN THE IOWA EXPERIMENT STATION 
DAIRY HERD FROM BIRTH TO 8 YEARS OF AGE.-Continued. 
Age 
in 
mos. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
27 
30 
33 
36 
39 
42 
45 
48 
51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 
87 
90 
93 
96 
I No. I H<;ight 1 D~pth I Width Age of In In in in records em. em. em. mos. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
\ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
HOLSTEIN FEMALES 
36 
45 
45 
45 
47 
47 
47 
47 
46 
46 
46 
47 
47 
47 
47 
47 
46 
46 
46 
45 
45 
44 
41 
45 
34 
28 
27 
27 
24 
24 
20 
19 
19 
18 
21 
19 
19 
14 
13 
13 
12 
12 
11 
11 
10 
10 
7 
6 
I 74.5 I 29.7 I 17.5 1 I 78.9 I 33.9 I 20.0 2 I 85.3 37 .2 I 22.8 3 I 91.1 I 40.4 25.5 4 
I 94.0 I 43.7 I 27.5 5 
I 100.7 I 46.6 
I 
29 .9 6 
I 104.6 I 49.0 31.8 7 107.4 I 51.5 33.9 8 
I 110.4 I 53.3 35.4 9 112.7 54.9 I 36.9 10 
I 114.4 I 56.5 I 38 .5 11 
I 116.6 I 57.9 I 39.4 12 
I 118.5 I 59.0 
\ 
40.4 13 
I 120.2 I 60.5 41.6 14 
I 121.8 I 61.8 I 42.6 15 
I 122.9 I 62.6 I 43.5 16 I 124.2 I 63.3 44 .2 17 
I 125.3 I 64.1 I 45 .0 18 
I 126.2 I 64.9 I 45.6 19 
I 127.3 I 65.8 I 46.5 20 I 128.3 I 66.6 46.8 21 
\ 
129.2 I 67.3 I 47.8 22 130.1 I 68.3 48.9 23 
I 131.3 I 69.2 I 49 .6 24 132.3 I 70.8 
\ 
51.5 27 
I 134.1 I 71.7 52.6 30 
I 134.1 I 72.8 
\ 
53.0 33 
I 135.1 I 72.3 53.5 36 
I 135.2 I 72.1 I 53.8 39 135.4 I 72 .9 54.2 42 
I 135.7 I 72.8 I 54.6 45 
I 135.5 I 73.5 I 55.3 48 
I 136.5 I 74.1 I 56.5 51 
I 136.6 I 74.8 I 56.3 54 
I 137.1 I 75.4 I 56.7 57 
I 138 .1 I 76.0 I 57.6 60 
I 137.6 I 76.1 I 57.9 63 
I 138.8 I 76.7 I 58.4 66 
I 138.5 I 76.6 I 58.8 69 I 138.6 I 77.5 59.1 72 
I 138.9 I 77.3 I 58.7 75 
I 138.3 I 77.3 I 59.5 78 
I 137.7 I 77.3 I 58.6 I 81 I 138.4 I 77.4 I 58.7 84 
I 138.2 I 76.9 I 59 .6 II 87 I 138.4 I 77.2 I 59.2 90 
I 137.4 I 78.5 58.7 93 
I 136.3 I 77.8 I 59.2 96 
I No. I H<;ight I D~pth I W.idth 
of In In In 
records em. em. em. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 
I I 
I 
I 
I 
I 
I 
JERSEY FEMALES 
36 
42 
43 
44 
47 
48 
49 
49 
49 
50 
49 
50 
51 
51 
52 
52 
52 
52 
52 
52 
52 
51 
51 
51 
28 
26 
26 
23 
. 19 
20 
19 
17 
15 
15 
18 
17 
16 
16 
16 
15 
13 
12 
10 
9 
7 
7 
7 
5 
I 
I 
I 
\ 
I 
I 
I 
\ 
I 
I 
I 
I 
I 
I 
I 
I 
\ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
66.2 
72.0 
77.5 
82.5 
87.7 
92.0 
96.2 
99.6 
102.3 
104.4 
106.3 
107.8 
109.4 
111.1 
112.5 
113.3 
114.2 
115.5 
116.5 
117.1 
117.8 
118.1 
118.9 
119.4 
120.7 
120.8 
120.7 
121.5 
122.8 
122.7 
122.9 
123.0 
122.8 
123.3 
123.6 
124.3 
124.2 
123.2 
123.5 
122.7 
122.7 
122.3 
122.2 
122.2 
121.8 
121.9 
122.0 
121.2 
I I 
I 
I 
I 
I 
I 
I 
\ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
I 
I 
I 
I 
I 
I 
I 
26.7 
29.8 
33.3 
36.4 
39.8 
42.6 
45.1 
47.2 
49.3 
50.7 
51.7 
53.4 
54.5 
55.6 
56.7 
57.4 
58.2 
59.1 
59.6 
60.3 
61.0 
61.4 
61.9 
62.4 
63.7 
63.8 
64.3 
64 .8 
65.8 
65.8 
66.7 
66.1 
66.7 
67.1 
67.7 
67.5 
67.2 
67.4 
67.4 
67.4 
67.1 
67.8 
67.8 
67.7 
68.0 
68.3 
68.0 
67.4 
I 
I 
\ 
\ 
I 
I 
\ 
I 
I 
\ 
I 
I 
\ 
I 
I 
I 
I 
I 
I 
I 
I I 
I 
I 
I 
I 
I 
I 
I 
14.7 
16.4 
19.0 
21.1 
23.6 
25.9 
27.7 
29.6 
31.5 
32.8 
33.9' 
35.1 
36.1 
37.1 
37.8 
38.6 
39.6 
40.3 
40.8 
41.4 
42.1 
42.6 
43.2 
43.9 
44.6 
46.2 
46.8 
47 .1 
48.4 
48.4 
49.2 
49.5 
49.3 
49.8 
50.2 
50.8 
50.7 
50.2 
50.4 
50.7 
50.3 
51.1 
50.7 
50.6 
50.0 
50.3 
50 .0 
49.R 
growth the first year is greater in depth of chest and width 
of hooks than in height at withers. This can be seen by 
examining table IV, for under Ayrshires it is noted that the 
change from birth to 12 months of age is approximately 31 
percent for height at withers, 37 percent for depth of chest 
and 39 percent for width at hooks. The other breeds show 
exactly the same trends. 
There is a striking difference between the rates of growth 
in live weight and growth in skeletal development. The in-
crease in weight from birth to maturity is 13 to 16-fold, 
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while the height at withers is not even doubled during the 
same period. Of course, this can be explained mathematical-
ly, as the increases in the products of the three skeletal 
measurements are approximately equal to the increases in 
live weight. 
Allowance must be made in comparing breeds for varia-
tions from the average of the breed as well as for statisti-
cally significant differences. According to table VI, Guern- . 
seys and Ayrshires are earlier maturing than Jerseys. Cer-
tainly the difference in age of reaching maturity among 
breeds is much less pronounced than is commonly believed. 
TABLE VT.-- STZE AT DIFFERENT AGES IN ItELATION TO MATURE SIZE. 
Age in 
months / 
Live weight /Height at Wither, ! Depth at chest I Width at hooks 
Pounds mature mature mature n mature I % of Con ti- I % of Centi- I % of Ce ti-I % of 
______ -'-___ --'-'w'-'e"'ig..,h'-"t~. meters height meter~ depth meters width 
Mature 
Birth --l 
5-6 
11-12 
17-18 
23-24 
35-36 
47-48 
59-60 
m o. 
Mature 
Birth- l mo. 
5-6 
11-12 
17-18 
23-24 
35-36 
47-48 
59-60 
Mature 
Birth- l mo. 
5-6 
11-12 
17-18 
23-24 
35-36 
47-48 
59-60 
I 1111.2 I I 74.3 288.2 
I 535.9 I 700.3 858.0 
I 969.7 1 
\ 1035.7 1071.2 
II 1071.5 I 75.5 I 
[I 262.3 I 490.3 I 
661.0 I 
I 817.5 I 
\ 900.7 I 990.4 I 
I 1055 .3 I 
II 1405.3 I 
97.7 I 
II 357.6 I 
661.8 I 
I 885. 3 I· 
I 1090.9 I 
I 1159.0 I 
I 1243.1 I 
I 1345.4 I 
100.0 I 
6.7 I 
25.8 
48.2 \ 
63.0 
75.3 I 
90.2 I 
93.2 I 
96.4 I 
100.0 I 
7.0 I 
24 .4 I 
45.8 I 
61.7 I 
63.0 I 
84.0 I 
91.5 I 
95 .7 I 
100.0 I 
7.0 I 
25.4 I 
47.1 I 
62.1 I 
77 .4 I 
82.4 I 
88 .3 I 
95.6 I 
AYRSHIRES 
124.8 
69.2 
92.3 
107.7 
115.2 I 
120.2 I 
124.2 I 
125.5 \ 
125.0 
100.0 I 
55.4 1' 73.9 
86 .2 
92.3 
96.2 
99.5 
100.6 
100.2 
GUERNSEYS 
125.4 I 
70.8 I 
93.7 I 
110.2 I 
117.8 I 
125.5 I 
126.8 I 
128.1 \ 
128.4 
100.0 I 
56.4 I 
74.7 I 
87.8 I 
93.9 I 
97.6 I 
lOLl I 
102.2 I 
102.4 I 
HOLSTEINS 
138.2 I 
74.5 I 
100.7 I 
116.6 I 
125.3 I 
131.3 [ 
135.1 
135.5 I 
1381 I 
100.0 I 
53.8 I 
72.8 I 
84.3 I 
90.6 I 
95.0 I 
97.0 I 
97.3 
99.7 I 
JERSEYS 
70.8 \ 28.5 
44.4. 
55.4 I 
61. 3 1 65.2 
69.3 
69.4 \ 
70.6 
69.2 I 
28.0 I 
43 .3 I 
54 .1 I 
59.7 I 
63.8 I 
67.4 I 
69.1 I 
70.5 I 
77.2 I 
29.7 I 
46.6 I 
57.9 I 
64.1 I 
69.2 I 
72.3 I 
73.5 I 
76 .0 I 
100.0 I 
40.3 1 62.3 
77 .7 
86.6 I 
91.6 I 
97.4 I 
98.0 I 
99.2 I 
100.0 I 
40.5 I 
62.6 I 
78 .2 I 
86.2 I 
92.1 I 
97.4 I 
99.5 I 
101.9 I 
100.0 I 
38.5 I 
60.4 I 
75.0 I 
83.0 I 
89.6 I 
93.6 I 
95.2 I 
98.4 I 
53.1 I 
16.3 
27.6 
36.9 
42.1 
46.3 
50.4 
52.5 
53 .5 
49.9 I 
15.6 \ 
25.8 
34.8 I 
39.8 I 
44.1 I 
48.5 
49.9 I 
50.7 I 
59.1 I 
17.5 I 
29.9 I 
39.4 \ 
45 .0 
49.6 I 
53.5 I 
55.3 I 
57.6 I 
10Q.0 
30.7 
52.Q 
69.3 
75.5 
87.1 
94.S 
98.6 
100.7 
100.0 
31.3 
51.7 
69.7 
79.7 
87.7 
97.0 
100.0 
101.6 
100.0 
29.6 
50.6 
66.7 
76.1 
83.8 
86.6 
93.5 
97.4 
Mature 949.7 I 100.0 I 122.1 I 100.0 I 67.8 I 100.0 I 50.6 I 100.0 
Birth- l mo. 58 .1 I 6.1 I 66.2 I 54.2 I 26.7 I 39.3 I 14.7 I 29.0 
5-6 235.7 I 24.8 ! 92 .0 I 75.3 42.6 I 62.8 I 25.9 I 51.0 
11-12 451.3 I 47.5 I 107.8 I 88.2 I 53.4 I 78.7 I 35.1 I 68.9 
17-18 607.1 I 63 .9 I 115.5 I 94.5 I 59.1 I 87.1 I 40 .3 I 79.6 
23-24 723.8 I 76.1 I 119.4 I 97.9 I 62.4 I 92 .0 I 43.9 I 86.3 
35-36 829.8 I 87.4 I 121.5 I 98.6 I 64.8 I 94.1 I 47.1 \ 92.4 
47-48 882.5 I 92.9 I 123.0 I 100.7 I 66.1 I 97.3 I 49.5 97.8 
59_~60~ ___ ~~9~21~.7~1_~97~.O~I_~1~?4~.~ 1~10~1~.H~I __ 6~7~.5~1~9~9~.5~1 ~5~0~.8~I _l~O~O~4~ 
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INFLUENCE OF GESTATION AND LACTATION 
After heifers are 18 to 21 months of age, it is difficult to 
measure normal changes in live weight due to age. It is 
common practice to feed heifers so that they will be fatter 
than normal before they freshen. Considerable weight is 
then lost at the time of freshening and during the fore 'part 
of the lactation period. In data on any group of heifers 
which have been bred to freshen at approximately the same 
time, a decline in the growth curve may be observed from 
18 to 21 months. In any case the age at which most heifers 
freshen is marked by a flattening out of the growth curve. 
Figure 4 has been prepared to demonstrate the influence 
of the periods of gestation and lactation upon the live weight 
of young dairy heifers. Tabulations were made (table VII) 
to obtain the average live weights for each of the 9 months 
before freshening and for the 12 months following freshen-
ing. Natunllly, the first weighing day after freshening and 
the last one before were a month apart. The average age of 
first freshening for the group was used as the point for 
locating the sets of data on the graphs. 
The data for all animals freshening between 27 and 33 
months were used. On averaging these figures, however, 
the mean freshening date for Jerseys aDd Guernseys fell 
during the twenty-eighth and twenty-ninth months and for 
Ayrshires and Holsteins between the twenty-ninth and 
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TABLE VI I.- EFFECT OF PREGNANCY AND LACTATION ON 
GROWTH WEIGHTS 
A. Weights of Animals Freshening Between 27 and 33 Months 
I Ayrshire I Guernsey I Holstein I Jersey Age in Mean Mean Mean Mean months Number I weight Number I weight Number I weight Number I weight 
pounds pounds pounds pound,,--
20 14 716 I 13 I 663 
21 11 804 14 748 11 993 I 13 669 
22 10 797 15 764 11 1013 I 13 693 23 11 843 15 778 11 1064 13 726 
24 11 871 15 815 11 1102 I 13 747 
25 11 898 15 850 11 1148 I 13 770 I 
26 11 918 15 885 11 1177 
1 
13 800 
27 11 952 15 915 11 1218 13 828 
28 11 996 15 943 11 1251 13 859 
29 10 1022 15 855* 10 1277 13 777o!< 
30 11 928" 15 841 11 1131" I 13 770 
31 11 929 15 857 11 1115 I 13 792 32 11 943 15 865 11 1119 13 785 
33 11 949 14 869 11 1139 
I 
13 800 
34 11 944 14 869 11 11 30 13 806 
35 11 952 13 871 11 1140 13 817 
36 11 958 11 872 11 1155 12 836 
37 10 965 9 902 11 1182 I 10 855 
38 10 982 9 904 10 1187 I 9 869 39 10 998 8 893 8 1196 7 869 
40 6 1019 6 904 5 1221 I 6 858 
41 6 1044 5 898 4 1220 I 855 
42 4 1108 3 1204 I 
*First weight after freshening, 
B. Weights of Non-pregnant Animals 
I Ayrshire I Guernsey I Holstein I Jersey 
Age in Mean ?t-Iean Mean Mean 
months Number I weight I Number I weight Number I weight Number I weight 
pounds pounds pounds pounds 
20 12 708 10 691 7 926 16 649 
21 12 739 10 711 7 967 16 666 
22 12 760 10 742 7 1016 16 679 
23 12 780 10 777 7 1018 16 689 
24 12 810 9 797 7 1059 16 713 
25 12 826 9 812 7 1090 16 726 
26 12 848 9 836 7 1133 16 744 
27 12 880 9 863 6 1164 16 777 
28 10 940 9 881 6 1194 16 784 
29 7 953 9 887 7 1193 16 805 
30 4 1016 9 905 7 1213 16 819 
31 2 1004 9 917 7 1230 16 829 
32 2 996 9 939 7 1271 15 841 
33 2 1010 6 963 7 13u7 15 852 
34 2 1032 2 987 6 1307 14 853 
35 1 917 1 101 3 6 1372 13 857 
36 1 942 1 1053 6 1371 12 881 
37 1 961 1 1058 6 1386 10 881 
38 1 912 1 1072 6 1418 6 898 
39 1 1060 2 1442 915 
40 1 1063 2 1464 927 
41 1 1067 2 1508 949 
42 1 1064 2 1527 965 
43 1 1063 2 1572 976 
44 2 15fi8 977 
thirtieth months. This variation In time of freshening 
should probably be interpreted as due to management rather 
than to difference in degree of maturity. The number of 
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animals on which the data are based is indicated below each 
curve. 
The dotted line indicates the average weight of all non-
pregnant animals maturing during the same period. Again 
the number of animals upon which the data are based is 
indicated below the curve. Many of these were animals 
which failed to conceive when bred for the first time. , All 
heifers were bred at regular heat intervals until they con-
ceived or were definitely proven sterile. Many, of course, 
settled and later became regular breeders. No animal's 
weights were used, however, after the fourth month of preg-
nancy, except in the curves showing effect of pregnancy. 
Unless the weights of three or more animals were obtained 
no data are shown. 
The increased weight of the bred heifers may be partly 
due to feed and management as well as to growth of fetus. 
According to Moseley et al (12) the average increase in 
weight of 53 cows in the Huntley Field Station herd from 
date of service to the date of calving was 285 pounds, of 
which 130 pounds was due to the increase in body weight as 
indicated by the difference in the average weight on the day 
after calving and the weight on the day prior to calving. 
This would mean that the cows gained 11.3 percent in weight 
during this period. Since the average weight of the calves 
at birth was 97 pounds, the weight of the placenta and 
amniotic fluid was 58 pounds. By calculation Hervey (9) 
found that 70 percent of the total growth of the fetus, as 
expressed by weight, is attained in the last one-third of the 
gestation period. It is probable, however, that in the early 
months of gestation the amniotic fluid is heavier than the 
fetus. The same authors collected data on the weights of 59 
cows for 3 months following parturition and found that 
lactating cows continued to lose weight until the fifth week. 
At the end of the third month they still weighed 56 pounds 
less than on the day following parturition. 
Bartlett (1) found a more pronounced increase in weight 
with advancing gestation ::tfter the first lactation period. 
The slowing up in the rate of gain in weight during- the first 
lactation period due to maturity undoubtedly tended to cover 
up the increase in " .. eight due to gestation at this time. 
The pronounced effect of pregnancy and lactation upon 
live weight is clearly demonstrated. As it is customary for 
heifers to be bred at about the same age, the difficulty of 
developing a normal growth curve through this age is ap-
parent. The live weights of the Holsteins were affected more 
by these factors than those of any of the other breeds, 
though the drop in weight is only about 2 percent greater. 
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While a particular study was not made of the influence 
of age at first freshening upon live weight, a study was made 
of the data of the heifers whose records were deleted from 
the live weight summaries between 25 and 55 months of age 
because of late freshening. The data show that they at-
tained comparatively greater size than normal heifers before 
freshening. If these late freshening heifers had been in-
cluded in the tabulation, they would have tended to make 
higher values for average live weight. These late freshen-
ing heifers, however, lost more weight following freshening 
and in a few months were nearly "normal." 
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